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SUMMARY

‘Results of local-instabillty tests of H-, ‘Z=, end C-section .
plate assenmblies of four extruded alumimym alloys and two megnesium
slloys, obtained in en extensive investigetion to determine plate
compressive Strengths of alrcraft structural materials, are summarized.
On the basis of.the gensral relatiomships found between the plate .
canpressive strengths end'the’compressive stress-sirain curves,
me'thods epplicable to flat pletes and based upon the use of the
compresaive stress-straln curve are sugzested for determining “the
critical caumpressive siress end the average stress at maximm load. .

INTRODUCTION

- In the NACA investigation to determine the plate compressive
strengths of a number of eircraft structural meterials (references 1
to T), local-instebility tests were made of flat plate assemblies
cansisting of extxuded sections end sections obteined by forming flat
sheet. A correlation between plate buckling end compressive stress-
gtrain curves wes observed, and an experimental-relationship was
found to exist between the critical compressive stress end the average
stress at maximum load. The results cbtaeined for -the sheet materials
differed noticeably from those for the extruded materials apparently
because of forming end curvature effects, '

The purpose of the present paper is to swmmarize the essential -
results obtained for tho plate compressive strengths of the extruded
meterials end to show methods by which flat plate compressive strengths
mey be determined in general from the compresslve stress-straln curve
for the material. Co

METHODS OF TESTING AND ANALYSIS

The methods of teating and enalysis ‘employed in the investigation
(reforences 3 to T) are briefly reviewsd hersin.
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E.EELEB, The plate compreSsive strengths weres determined from
tests of flat plate assemblles conslasbing of H~, Z~-, or C-sections so
proportioned that the plate elements failed by local instability,

(See Pige 1,) The plate assemblies were made from speclal H-section
oxtrusions, end the cross-sectional proportions were varlied by ocutting
off parts. of the flenges. The lengths of the sectlions were chosen in
such a way that the test results were essentlally independent of
length; thet is, sufficiently long so that the increase in strength
due to very short lengths was avolded and at the same time not so long
as to incux the.possibllity. of an Buler type of column failure, The
lengths were also selected &o ag to obtaln a convenilent three-half-
wvave~buckling patitern which gave a pronouvnced cross-sectlomal distortion
at the mid-length pogition (see reference & end fig. 1), except that
in the high streéss reglon reduced lengths were necessery in. order to
. avold Euler column fallures. The experimental critical stress was
taken as the stress corresponding to the critical load at the top of
the knee of the load distortlon curve as illustrated in figure 2.
{For a dlscussion of initial curvature effects and the use of the
‘top~of -the -kmee method, " see reference 9.) The distortion was
meesured by varlous methods , &nd in the leter toste, wes recorded
autographically together with the load. The average stress at meximum
. loed was cobtained from the meximm loed recorded by the testing machine.
The compressive stress-strain curves were obtained from tests of
single~-thickness speclmens.cut from the flemges and web at the ends
of the Hesection extrusions; the tests were made In e modified form
of Montgomery-Templin type of compression fixture. (¥or technigue in
using this type of fixture, see referénce 10. )

9] _ [ o8 _of material.~ Because the tests
of 'l:he compression SPecimens qut fran ‘the. web a.nd Flanges of the
extrusions showsed that the properties veried both over the cross
sections (see f£ig. 3) and along.the lengths of the extrusions, the
exact determination of a compressive stress-strain curve for correlation
with the plate compressive strepgths of the sections 1s difficult.

The method used herein for obtaining & representative velue of the
compresslve yleld stress ¢ e for a cross sectlon le based on the

esmunption that the test results for o oy for the flange and web

material apply to the entire width of those respective elements ahd
that a representative value .for a cross seotlon.can be had by
calculating a weighted aversge from the valuss of oy for the flange

-and the web, teking into account the-area of these elements. The
ccmpress:lve stress-strain curves shown hereln were selected from the
tests to show the upper end lower limits of the calculated over-all
cross~sectional propertles for- the sections which had buckling
s'bresses above the elastlo range.
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nal P buckling data:~ In the presentetion of the test
data of referencea 1 to 7, the experimental critical comprossive
stress was plotted against the calculated elastlic critlicel compreesive
stress "m;'/ﬂ: ss.given by the equaticn : : .

o EG

()

In equation (l) s k.w 1s & nondimensional’ coefficlent d.e:pemdant u;pon'
;pla.te proportions and cdge cond;l-bione to be used with 't;; end bg, :

the thicknsss and width, respectively, of the web of the H-, %2-, end .
C-sections (see fig. & 'Por method of d.imensioning theee sxtrudsd
sections), i, is Polsson's ratio, - E 4s Young’s modwlus, and n 1s
a coeffif'ient vhich is a measure o" the reduced plate modulug qE.
(For stresses 'in the elastic rangs, 1n = 1}, whersas above the elastic
remge, n < 1.) The purpose of this method of enalysis was to afford
e comverdient way of determining empirically the variation of n with
stress for use in eva.lua ing placbe-buckling strengths a.'bove the . .
slagtic range.

Tn the prusent pa.:per, ‘the method of presenta.ticn hag been modi"’ied
slightly fram that in references 1 ‘to T in thai the experimentel ~ -
oritical compreeslve stress. has besn plotted ogsinst the calculated
elastic critloal compresaive strain € which is derived. from

er
equation {1) by dividing both sides by E sand settmg n = 1. ' Thue
il o
oo e
12(1 - wr.)b‘ vl el cee

By this method of ‘analysis, 1% 1g- possi'ble to cm:'rslate plate 'buckling
ptress~strain ocurves. directly with compressive stress-strain curves.
Valuss of ‘the nondimencional coofficionts uswd in plets oguotisng

of the form given by equatians (1) end (2) are found in the literatire
for individual plates with different edge cinditicms and are -availeble
in reference 11l in the form of charts for plate essemblies such as

H-, Z-, C~, and rectanguler-tube sections: It should be ‘emphisized
-t.ha.t the 'best results ere for plates having length-width ratios -
sufficliontly large so- that the sxperimentel valuos of ey are -

essentially’ ind.epend.ent of lengtn, values of kW in reference 11 apply
~ to thig cla.ss of ;plat-as. ' )

¥ - . - "
s
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RESULTS AND CONCLUSIONS

The experimenteal results for the ecritiocal compressive stress
¢,. oand the average stress at maximm load Eme.x for the BE-, Z~,

end C-gection plate assemblies (references 3 to 7) are given in
figures 5 to 8 together with unpublished date on extruded ZKGOA
magnesium alloy, (Beceuse the date were too numerous to reproduce
clearly, meny of the test points have been omitted.) The correlation
with the compressive stress—strain ourves for the material is shown
in figures 5 and 6 by plotting the tost z_'esulte against the calculated
elestic critioal comrressive strain Ecr' The rela'bionship between

—ma.x’ end the comvressive yleld etreea O, i8 shown in non~-

G‘cr, oy

- dimensional form in figures 7 and 8.

For the B-sections (fig. 5), the test results for ., &bove

the elestic range tend to fall fairly close to the lower-limit stress—
gtrain curves with the exceptions of 758-T, iLS-T, and 24S-T aluminum
alloys, For-T55-T, the resulte are only a little below the lower
limit curve, but for 145-T, aprreciably lower, The test results

for 14S-T differed markedly from those for the other meterials in
that separate curves for H-sectlons and for Z2--and O-gections were
not obteined. The reason-for this difference is not known, but may
be due to the nomuniformity of the material, (See discussion, refer—
ence 6,) For 2iS-T, however, the results for the B-sections appeer .
to be close to an average of the upper and lower limit curves.

For the 7~ and O-sections (fig. 6), the resultes for O, @&bove

the elastlc range generally tend to be scmewhet lower then those far
the corresponding H-gections (Pig. 5) and fall slightly below the
lower limit stress—strain curves with the exception of 248-T for which
the results are close to or slightly above the lower limit curve.

This result may be due, to some extemt, to the inadequacy of the
mothod used for calculating the compressive properties applicable to
the entire cross section upon which-the selection of stress-strain
qurves in figures 5 =nd 6 wes based. (See section entitled "Analysis
of campressive properties of the material.”) :

In figures 7 end 8, the results.of all the tests for the B-sections
and for the %- and C-secotions, respedtively, are glven in nondimensional

form by single curves relating T “and Ema.x:' in terms of Ucy’

For a given critical compressive strees, the ourve for the Z— and
C-gections (fig. 8) differs slightly from that for the H-sections
(fig. 7) end indicates that Tpex 19 slightly greater for en H-section

than for a Z= or C-section, Thie difference in 'Bm for B-sectione
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and for Z=- and C~sections corvesponds somswhat to the difforenco
found In ¢ or for theso same scctions and also probebly stems in

- part from the inadequecy of the method used for detormining the
value of Coy. that epplies to-the entire cross sectiom, (S8ee

Preceding paragraph with regard to g,..) A significent result
indiceted in Figures T ang 8 is that, for strégses sbove ebout.

T:‘m ;l's only & 1little greater than o, but for stresses

. Iii"ci”
below -ﬁucy, Emax and Oop diffor appreciebly. This result 1s

.&lso borne out in figures 5 and 6 whore, for the different materials,
values of Bmax rum only e libtle ebove thome for Oop In the high-

gtress region but differ appreciebly in the lowrstress regiom.
Cf From figures 5 to.8, the followlng conclusions may be drawn
with regard to the critical compressive stress end the averege
gtress at maximm load for extruded H-, Z-, and C-section plate
asssamblies:

(1) Because of the general agreement between the compressive.
stress~-strain curves and the test results for Cop when plotted

against. calenlated, velues of ¢€,,, the reduced modulus of elesticity

£or plate buckling mey be epproximated dy the secant modulus. . (The

use of the secant modulus has previously been suggested in

reference 12.) Consequently, the oritical compressive stress may be
determined for practlcal purposes either dlrectly from the compressive
stress-strain curve for the material, givon the calculgted value of

'e(;r, or by the secant-modulus method. ln which Eseo 1s substituted

for the reduced modulus nF in the pleate-buckling oguaticn

2
kwd‘zgsectw ' (3)

g =
& 12(1 - ;12)'bW2

The results obtailned by ths foregoing methods tend to be somewhet
uncadservative In most cases unless a lower limlt compressive stress-
gtreln curve is used for the determination. The resulbs obtalned
for Z=- end C-~pections will probebly be less accurate and somewhat
nore unconservative theu those for H-sections.

* (2) For stresses greater 'bha.n %"oy’ values of G, .. 8&re only

slightly greater than g, (sce figs; 7 end 8) eand generally
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guperimpose more closely on an average of the upper end lower limit
" ptress-strain curves for the materiesl than do values of Oops

(See figs. 5 end 6.) For this reason, the secant-modulus method
can alsp be applied to the approximate determination of Gp,, in

this high stress region with results which tend to be sunewhe.t more
accurate and conservative than for the simllar determination of
w’ particulerly if a lower 1imi'b stresa-strain curve ia used.

Thus £or Crax 2 E“oy’

s B o
_ 5™ Boecty (k)

| iex 121 - w22

(3) Por stresses less than %’cy! the relationships shown in

figures T end 8 between G, 0., &nd ¢ oy DY be used to

determine G .+ These relationships, which ere neerly ‘the seme for
- - - <

the Z- and C-sections as for the H-sectlons, 'a:co for Umax' 2 eyt

For H-sections,
o /b '
cy
—= = 0.75 ' (5)
_ Ooy ("ma.x -
For Z- end C-sections;
o - 5/1I- -
er
—— 2 172 (6)
Ocy "max
Solving equations (5) end (6) for G oy &ives for T & 3. ¢
~ For H-spections,

“)1/5 (M

Cmax = o'eoe’or"cy
For Z=- and C-gections,

Oy = ©-T7 (“cr" c:'.yl})l/5 (6)
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The foregolng conclusicns apply specifically to H-, Z=-, and
C-sectlon. plate assenblles. The results, however, may be gener=~
alized somewhat as follows: In view of the general relatiomship
Tound between the criticel compressive stress for the H-, Z-, and-
C-section plate assemblies and the compressive stress-gtralin curve
for the different materisls, 1% seems reasonsble to expect sbout .
the seme relationship for other types of plate assemblies such as
skin=gtiffener combinations. Evlidence thet this supposition is
warranted ls afforded by eome wnpubllished data on Z=stiffened cam~.
Pression penels. In general, the indicetions are that the reduced
modulus ls probably a little lower than the secant modulus obteined
from en averege etress-strain curve for the meterial. With regard
t0 Opay, avalleble information on Z-stiffened panels indicates’ a

correlaticn with the stress-strain curve simila.r to that found for

HE-, Z-, apd C-gections for stresses mbove II- ey’ For stresses
below % oy? however, -relations cbtelned for e, ., for H-, end

C-sectlons a.pparently ca.nnot be e:x;pected o a.p:ply to ra.dioa.lly
different types of plete esmemblies.

Lengley Memcrisl Aercmeuticel ILsboratory -
Netlonal Advisory Committee for Aeronasutics
Iangley Fleld, Vae., July 22, 1947...
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Figure 1.- Locsl instability for an H-section under test.
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Figure 2.— lllustrative load-distortion curve.
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Figure 3.- Variction of the compressive yield stress in ksi over a
single H- cross section for four extruded aluminum alloys.
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Figure 4.— Method of dimensioning

extruded H-, Z-, and C-sections.
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Figure 7. — Experimental relationship between the critical compressive
stress o,, the average stress at maximum load &, . and the
compressive yield sitress op, for exiruded H-section plate assemblies
of various aluminum and magnesium alloys.
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Omax
Figure 8.— Experimental relationship between the critical compressive
stress o,, the average stress at maximum load Opgy, and the
compressive yield stress Oy for extruded Z- and C-section plate
assemblies of various aluminum and magnesium alloys.

19



